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A c c e p t e d M a n u s c r i p t Introduction M a n u s c r i p t
In extreme ultraviolet (EUV) region (30 -150 eV), a mirror composed of a single layer cannot reflect significant amount of radiation at normal incidence, so it is quite challenging to develop reflective elements with enhanced reflectivity. Multilayer mirrors comprised of alternating layers of low Z/high Z elements which can form stable and smooth interfaces came into existence as a solution to this problem 1 . The atomic numbers (Z) of these materials is alternating in order to enhance scattering length density contrast. The reflected intensity is enhanced by N 2 times in comparison to that of thin film mirror composed of single layer.
Since resonance and absorption limitations of most atoms are in the similar EUV range, no effective reflector exists in the literature.
In the recent years, Al-based reflective multilayers are widely used in the extreme ultraviolet (EUV) spectral region 2, 3, 4 . Al has been found a good spacer layer in the multilayer combination below the Al L-absorption edge (~17 nm) owing its low absorption In the present study we have investigated ZrC/Al interfaces by making an x-ray waveguide of 4 layers Al/ ZrC/ Al/ W on Si substrate. In x-ray waveguide, the electric field of a radiation can be confined inside a layer through the generation of x-ray standing waves. The guiding layer is generally made of a light material surrounded by two layers made of heavy materials.
Waveguides can be used to generate a beam of nanometre size or to study a material placed at the maximum of the electric field in order to benefit from a selective and efficient excitation.
Sample has been prepared using ion beam sputtering technique. Soft x-ray reflectivity (SXR) M a n u s c r i p t measurements are carried out at 6 and 7 nm incident wavelengths at Reflectivity beamline of Indus1-1 synchrotron radiation source.
Experimental Procedure
An Results and discussion M a n u s c r i p t
To obtain more reliable structural parameters, SXR measurements have been carried out at two different wavelengths and same parameters (thicknesses and roughness) are used at both wavelengths for fitting. So measurements are carried out at 6 and 7 nm (below and above Zr M4 edge 6.63 nm). Scattering length density (SLD) (ρ ) and imaginary part of scattering length density [Im(ρ )] are calculated from delta (δ ) and beta (β ), the real and imaginary parts of the optical index respectively, obtained from CXRO website
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. These calculated ρ and Im(ρ ) are used as initial parameters for the data analysis. Fig. 2 and Fig. 3 represents the measured and fitted soft x-ray reflectivity data for the stack at 6 and 7 nm incident wavelengths respectively.
To fit the SXR data, we tried with 4 layers model Al / ZrC / Al / W on Si substrate and varied the structural parameters like thickness, roughness, for the stack, but were unable to match the calculation with the experimental results. Then we introduced in the simulation a native oxide layer of SiO 2 layer on Si substrate and a top surface layer formed due to contamination/oxidation. The best fit for both 6 and 7 nm SXR data were obtained with six layers model: surface layer (6.8nm) / Al (7.9nm) / ZrC (8nm) / Al (15nm) / W (5.7nm) / SiO2 (2.4nm) on Si substrate. For surface layer, ρ and Im (ρ ) for Al2O3 are taken as initial input.
For Si substrate bulk values are used and kept fixed during the fitting procedure.
Fit parameters, thickness, roughness, ρ and Im (ρ ), obtained from the SXR analyses are summarized in Table 1 . For comparison, bulk values for ρ and Im(ρ ) obtained from CXRO website are given in bracket. Fig. 4 shows the SLD profile obtained from fit parameters of SXR data along with the SLD profile of the bulk values for 6 and 7 nm incident wavelengths respectively. To calculate the SLD profile using bulk values, thickness and roughness given in Table 1 are used. Bulk SLD profile in Fig. 4 suggests that density contrast for ZrC is significantly different for 6nm (below Zr M4 edge) and 7 nm (above edge). SLD for W is found to be slightly lower than the bulk value. In Fig. 4 it is clear that the SLD for surface layer is remarkably lower that the Al 2 O 3 values, which suggests that the surface layer is not native Al oxide (Al 2 O 3 ) but it is a low density layer formed due to reaction of surface with ambient. Further, ρ and Im(ρ ) for ZrC are found higher than the bulk values at both 6 and 7 nm incident wavelengths. This indicates the possibility of intermixing of ZrC/Al interfaces or it may be because of existence of Zr M4 edge at 6.63 nm wavelength. Roughness values are A c c e p t e d M a n u s c r i p t found slightly high (0.5nm to 2.49 nm) and are listed in Table 1 for each interface. Further investigations on intermixing of the stack are going on using other conventional techniques.
Conclusions
In the present study, a waveguide structure of 4 layers Al/ ZrC/ Al/ W on Si substrate.
Structural investigations are carried out using SXR technique. Detailed analysis of SXR data using 6 layers model revealed the thickness of the stack to be surface layer (6.8nm) / Al 
